WEST Search History 



DATE: Monday, August 09, 2004 

Hide? Set Name Query Hit Count 

DB=USPT; PLUR=YES; OP=ADJ 

U L19 117 and 118 32 

□ L18 (113 orll5).ti,ab,clm. 13260 
O L17 L16 same 115 140 
D L16 113 same 114 2349 
O LI 5 GPP or GPDH or G3PP$ or G3PDH or dehydrogenase or phosphatase 36159 
l~ L14 transforms 337857 
D LI 3 glycerol 93423 

DB=EPAB,JPAB,DWPI; PLUR=YES; OP=ADJ 

O L12 13 and LI 1 not 15 0 

O Lll GPP 121 

O L10 13 and L9 not 15 0 

□ L9 GPDH 20 
D L8 G3PP$ 0 
O L7 13 and L6 not 15 0 

□ L6 G3PDH 15 
O L5 13 and L4 29 
D L4 dehydrogenase or phosphatase 9635 
O L3 11 andL2 241 
D L2 transforms 314651 
D LI glycerol 27437 



ND OF SEARCH HISTORY 



Glycerol is an industrially useful material. However, other compounds 
may be derived from the glycerol biosynthetic pathway that also have 
commercial significance. For example, glycerol-producing organisms may be 
engineered to produce 1,3-propanediol (U.S. 5686276), a monomer having 

5 potential utility in the production of polyester fibers and the manufacture of 
polyurethanes and cyclic compounds. It is known for example that in some 
organisms, glycerol is converted to 3-hydroxypropionaldehyde and then to 
1,3-propanediol through the actions of a dehydratase enzyme and an 
oxidoreductase enzyme, respectively. Bacterial strains able to produce 

10 1,3-propanediol have been found, for example, in the groups Citrobacter, 
Clostridium, Enterobacter, Ifyobacter, Klebsiella, Lactobacillus, and 
Pelobacter. Glycerol dehydratase and diol dehydratase systems are described by 
Seyfried et aL (1996) /. BacterioL 178:5793-5796 and Tobimatsu et ai. (1995) 
J. Biol. Chem. 270:7142-7148, respectively. Recombinant organisms, 

15 containing exogenous dehydratase enzyme, that are able to produce 
1,3-propanediol have been described (U.S. 5686276). Although these 
organisms produce 1,3-propanediol, it is clear that they would benefit from a 
system that would minimize glycerol conversion. 

There are a number of advantages in engineering a glycerol-producing 

20 organism for the production of 1,3-propanediol where conversion of glycerol is 
minimized. A microorganism capable of efficiently producing glycerol under 
physiological conditions is industrially desirable, especially when the glycerol 
itself will be used as a substrate in vivo as part of a more complex catabolic or 
biosynthetic pathway that could be perturbed by osmotic stress or the addition of 

25 steering agents (e.g. , the production of 1 ,3-propanediol). Some attempts at 
creating glycerol kinase and glycerol dehydrogenase mutants have been made. 
For example, De Koning et al. (1990) Appi Microbiol BiotechnoL 32:693-698 
report the methanol-dependent production of dihydroxyacetone and glycerol by 
mutants of the methylotrophic yeast Hansenula potymorpha blocked in 

30 dihydroxyacetone kinase and glycerol kinase. Methanol and an additional 
substrate, required to replenish the xyulose-5-phosphate co-substrate of the 
assimilation reaction, were used to produce glycerol; however, a 
dihydroxyacetone reductase (glycerol dehydrogenase) is also required. 
Similarly, Shaw and Cameron, Book of Abstracts, 211th ACS National Meeting, 

35 New Orleans, LA, March 24-28 (1996), BIOT-154 Publisher: American 
Chemical Society, Washington, D. C, investigate the deletion of of IdhA 
(lactate dehydrogenase), glpK (glycerol kinase), and tpiA (triosephosphate 
isomerase) for the optimization of 1,3-propanediol production. They do not 
suggest the expression of cloned genes for G3PDH or G3P phosphatase for the 
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protein having a glycerol-3-phosphatase activity. In addition to the G3PDH and 
G3P phosphatase genes, the host cell will contain disruptions in one or both of a 
gene encoding an endogenous glycerol kinase and a gene encoding an 
endogenous glycerol dehydrogenase. Where the production cell is designed to 

5 produce 1,3-propanediol, it will additionally contain a gene encoding a protein 
having a dehydratase activity. 

The terms "foreign gene", "foreign DNA", "heterologous gene", and 
"heterologous DNA" all refer to genetic material native to one organism that has 
been placed within a different host organism. 

10 The term "endogenous" as used herein with reference to genes or 

polypeptides expressed by genes, refers to genes or polypeptides that are native 
to a production cell and are not derived from another organism. Thus an 
"endogenous glycerol kinase" and an "endogenous glycerol dehydrogenase" are 
terms referring to polypeptides encoded by genes native to the production cell. 

15 The terms "recombinant organism" and "transformed host" refer to any 

organism transformed with heterologous or foreign genes. The recombinant 
organisms of the present invention express foreign genes encoding G3PDH and 
G3P phosphatase for the production of glycerol from suitable carbon substrates. 
Additionally, the terms "recombinant organism" and "transformed host" refer to 

20 any organism transformed with endogenous (or homologous) genes so as to 
increase the copy number of the genes. 

"Gene" refers to a nucleic acid fragment that expresses a specific 
protein, including regulatory sequences preceding (5* non-coding) and following 
(3 1 non-coding) the coding region. The terms "native" and "wild-type" gene 

25 refer to the gene as found in nature with its own regulatory sequences. 

The terms "encoding" and "coding" refer to the process by which a 
gene, through the mechanisms of transcription and translation, produces an 
amino acid sequence. The process of encoding a specific amino acid sequence is 
meant to include DNA sequences that may involve base changes that do not 

30 cause a change in the encoded amino acid, or which involve base changes which 
may alter one or more amino acids, but do not affect the functional properties of 
the protein encoded by the DNA sequence. Therefore, the invention 
encompasses more than the specific exemplary sequences; Modifications to the 
sequence, such as deletions, insertions, or substitutions in the sequence which 

35 produce silent changes that do not substantially affect the functional properties 
of the resulting protein molecule are also contemplated. For example, 
alterations in the gene sequence which reflect the degeneracy of the genetic 
code, or which result in the production of a chemically equivalent amino acid at 
a given site, are contemplated; thus, a codon for the amino acid alanine, a 

9 



example, genes isolated from prokaryotes include GenBank accessions M34393, 
M20938, L06231, U12567, L45246, L45323, L45324, L45325, U32164, 
U32689, and U39682. Genes isolated from fungi include GenBank accessions 
U30625, U30876 and X56162; genes isolated from insects include GenBank 
5 accessions X61223 and X14179; and genes isolated from mammalian sources 
include GenBank accessions U12424, M25558 and X78593. 

Genes encoding G3P phosphatase are known. For example, GPP2 has 
been isolated from Saccharomyces cerevisiae and has the base sequence given by 
SEQ ID NO:5, which encodes the amino acid sequence given in SEQ ID NO: 13 

10 (Norbeck et al., (1996), J. Biol. Chem., 271:13875). 

For the purposes of the present invention, any gene encoding a G3P 
phosphatase activity is suitable for use in the method wherein that activity is 
capable of catalyzing the conversion of glycerol-3-phosphateand water to 
glycerol and inorganic phosphate. Further, any gene encoding the amino acid 

15 sequence of G3P phosphatase as given by SEQ ID NOS:13 and 14 

corresponding to the genes GPP2 and GPP1 respectively, will be functional in 
the present invention including any amino acid sequence that encompasses amino 
acid substitutions, deletions or additions that do not alter the function of the G3P 
phosphatase enzyme. The skilled person will appreciate that genes encoding 

20 G3P phosphatase isolated from other sources will also be suitable for use in the 
present invention. For example, the dephosphorylation of glycerol-3-phosphate 
to yield glycerol may be achieved with one or more of the following general or 
specific phosphatases: alkaline phosphatase (EC 3.1.3.1) [GenBank M19159, 
M29663, U02550 or M33965]; acid phosphatase (EC 3.1.3.2) [GenBank 

25 U51210, U19789, U28658 or L20566]; glyceroI-3-phosphatase (EC 3.1.3.-) 
[GenBank Z38060 or U18813xll]; glucose- 1 -phosphatase (EC 3.1.3.10) 
[GenBank M33807]; glucose-6-phosphatase (EC 3.1.3.9) [GenBank U00445]; 
fructose-l,6-bisphosphatase (EC 3.1.3.11) [GenBank X12545 or J03207] or 
phosphotidyl glycero phosphate phosphatase (EC 3.1.3.27) [GenBank M23546 

30 and M23628]. 

Genes encoding glycerol kinase are known. For example, GUT1 
encoding the glycerol kinase from Saccharomyces has been isolated and 
sequenced (Pavlik et al. (1993), Curr. Genet., 24:21) and the base sequence is 
given by SEQ ID NO: 6, which encodes the amino acid sequence given in 

35 SEQ ID NO: 15. Alternatively, glpK encodes a glycerol kinase from E. coli and 
is characterized by the base sequence given in GeneBank L19201, base pairs 
77347-78855. 

Genes encoding glycerol dehydrogenase are known. For example, gldA 
encodes a glycerol dehydrogenase from E. coli and is characterized by the base 

12 
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buffer only. After the enzyme was added to the cuvette, an absorbance reading 
was taken. The first substrate, NADH (50 uL 4 mM NADH; absorbance should 
increase approx 1.25 AU), was added to determine the background rate. The 
rate should be followed for at least 3 min. The second substrate, DHAP (50 uL 
5 40 mM DHAP), was then added and the absorbance change over time was 
monitored for at least 3 min to determine to determine the gross rate. G3PDH 
activity was defined by subtracting the background rate from the gross rate. 
I lC-NMR Assay for Glycerol Kinase Activity 

An appropriate amount of enzyme, typically a cell-free crude extract, 

10 was added to a reaction mixture containing 40 mM ATP, 20 mM MgSO^ 

21 mM uniformly 13 C labelled glycerol (99%, Cambridge Isotope Laboratories), 
and 0.1 M Tris-HCl, pH 9 for 75 min at 25 °C. The conversion of glycerol to 
glycerol 3-phosphate was detected by 13 C-NMR (125 MHz): glycerol 
(63.11 ppm, d, J ~ 41 Hz and 72.66 ppm, t, J - 41 Hz); glycerol 3-phosphate 

15 (62.93 ppm, d, / = 41 Hz; 65.31 ppm, br d, / = 43 Hz; and 72.66 ppm, dt, 
J = 6, 41 Hz). 

NADH-linked Glycerol Dehydrogenase Assay 

NADH -linked glycerol dehydrogenase activity in E. coli strains igldA) 
was determined after protein separation by non-denaturing polyacrylamide gel 
20 electrophoresis. The conversion of glycerol plus NAD + to dihydroxy acetone 
plus NADH was coupled with the conversion of 3-[4,5-dimethylthiazol-2-yl]- 
2,5-diphenyltetrazolium bromide (MTT) to a deeply colored formazan, using 
phenazine methosulfate (PMS) as mediator. (Tang et al. (1997) J. Bacteriol. 
140:182). 

25 Electrophoresis was performed in duplicate by standard procedures using 

native gels (8-16% TG, 1.5 mm, 15 lane gels from Novex, San Diego, CA). 
Residual glycerol was removed from the gels by washing 3x with 50 mM Tris or 
potassium carbonate buffer, pH 9 for 10 min. The duplicate gels were 
developed, with and without glycerol (approx. 0.16 M final concentration), in 

30 15 mL of assay solution containing 50 mM Tris or potassium carbonate, pH 9, 
60 mg ammonium sulfate, 75 mg NAD+, 1.5 mg MTT, and 0.5 mg PMS. 

The presence or absence of NADH -linked glycerol dehydrogenase 
activity in £. coli strains (gldA) was also determined, following polyacrylamide 
gel electrophoresis, by reaction with polyclonal antibodies raised to purified 

35 K. pneumoniae glycerol dehydrogenase (dhaD). 
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